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Characteristics  of  MOF-5  make  it  amenable  to  peptide  adsorption,  but  lack  of  water  stability  is 
problematic.  Previous  reports  indicated  improved  hydrostability  of  MOF-5  through  several  doping 
techniques, as well as higher specific surface areas, larger pores, and enhanced stability compared to native 
MOF-5. These enhanced characteristics will create a suitable pore environment for peptides. The MOF 
found to be most successful is MOF-5 with equal ratios of Zn(NO3)2∙6H2O and Ni(NO3)2∙6H2O (Ni-22 
MOF-5). After synthesizing MOF-5 doped with Ni(II), I tested its peptide adsorption behavior (shown 
through thermogravimetric analysis in Figure 1). 
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Abstract
Metal-organic  frameworks  (MOFs)  are  an  intriguing  class  of  hybrid 
materials that consist of infinite crystalline lattices formed by metal ions 
bridged by organic linkers. Their porous interiors have highly variable 
properties, depending on the metal ions and linkers used. To date, MOFs 
have  primarily  been  examined  for  uses  such  as  gas  separation  and 
storage  and  catalysis,  but  recently  researchers  have  described  the 
adsorption of proteins and peptides, such as cytochrome C and a trypsin 
digest of bovine serum albumin, in MOF pores. The MOF pore provides 
a  stable,  ordered  environment  in  which  to  isolate  and  characterize 
peptides.  Our  research  thus  far  has  suggested  that  MOF-5  readily 
adsorbs  proteins  and  peptides,  however  most  preparations  of  MOF-5 
suffer  from  water  sensitivity.  This  is  problematic  because  water  or 
water-based solutions are the most relevant solvent for disease-relevant 
peptides. We therefore have explored reported methods to improve the 
hydrostability of MOF-5 through several doping techniques as well as 
annealing processes. We then studied the adsorption behavior of MOF-5 
derivatives  toward  a  number  of  peptides,  the  results  of  which  are 
presented  here.  Through these  studies  we strive  to  understand which 
differences  brought  about  by  structural  changes  may  better  facilitate 
peptide adsorption. 
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Figure 1:  The bright  blue line is  MOF-5 
doped  with  Ni(II)  in  DMF.  We  see  a 
difference in decomposition behavior when 
we  incubate  the  same  doped  MOF  with 
bradykinin  (pink  line).  This  suggests  an 
adsorption  of  the  peptide,  changing  the 
decomposition behavior.
Through  this  research  I  was  successfully  able  to  incorporate  an 
additional metal ion into the original synthesis of MOF-5. My previous 
research  indicated  that  the  pore  of  the  Ni-22  MOF-5  was  more 
susceptible  to  peptide  adsorption  compared  to  the  original  MOF-5 
synthesis. I was able to study the adsorption behavior of MOF-5, and the 
doped structures before and after the annealing process. Annealing is the 
process of heating a sample up to a certain temperature for a set amount 
of time to modify the structure of the MOF by removing water. 
For  the  doped  structure  of  Ni-22  MOF-5,  I  performed  an  annealing 
process  using  a  thermogravimetric  analysis  instrument,  to  maintain 
desired isothermal conditions. Four samples were made. The first sample 
was Ni-22 MOF-5 as synthesized. The other three samples were heated 
to 150 °C, 250 °C, and 350 °C for 3 hours. To test the hydrostability and 
view peptide adsorption, I incubated these samples using both DI H2O 
and DMF as peptide solvents and incubated for at least 24 hours. The 
supernatants after incubation were collected and studied via ultraviolet 
visible  spectroscopy  (UV-Vis).  A MOF-free  standard  was  used  as  a 
control. 
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Figure  2:  Ni-22  MOF-5  incubated  with  a  standard 
peptide ladder using DMF as a solvent.
Standard: blue
As synthesized (AS): pink
150 °C: green
250 °C: black
350 °C: yellow	  
This peak between 265-330nm is the main absorbance of 
the  peptide.  It  can  be  concluded  that  the  AS  sample 
adsorbed  the  highest  amount  of  peptide  in  a  DMF 
solution. 
Figure 3: Ni-22 MOF-5 incubated with a kaleidoscope 
pre-stained standard peptide ladder. 
Standard: blue
As synthesized (AS): pink
150 °C: green
250 °C: black
350 °C: yellow	  
The sample  that  was  annealed at  250 °C absorbed the 
highest  amount  of  peptides  that  were  stained  with  the 
colors between 300-600 nm. Also the peptide stained at 
250nm was absorbed by the 150 °C the most. 
Through previous research we found that doping the structure of MOF-5 
with several different metals enhances the hydrostability of MOF-5.  I 
was able to study MOF-5 doped with Ni(II) more closely and explore 
the use of annealing techniques to further enhance the hydrostability of 
MOF-5. We have found that annealing can be a successful way to 
enhance the hydrostability of MOFs to ambient moisture. Previous 
research indicated that the structure decomposed with the use of water, 
but through the annealing process and dehydrating the structure, MOF 
stability was improved during water incubation. This is supported by the 
increased adsorption of peptide in the sample annealed at 250 °C. From 
this we are able to continue to look at incubation processes done in a 
water environment. 
Future Work
From the  current  data  on  annealed  MOFs,  possible  next  steps  could 
include  attempting  to  incubate  the  annealed  MOF  samples  with 
bradykinin or a number of other target peptides. My hypothesis is that 
by additional  enhancement  of  the structure  of  Ni-22 MOF-5 with an 
annealing process, adsorption and stabilization of bradykinin and other 
peptides will be possible. 
